Aim: To identify an appropriate community-based fall prevention program Methods: We introduced two programs to 24 senior centers, "community salons," in a Japanese city, and carried out a prospective controlled trial between 2004 and 2005. Eight salons (185 participants aged 72.0 ± 7.1 years) received a single-visit program consisting of one multidisciplinary team visit that included fall risk assessment with feedback and a fall prevention lecture. A total of 16 salons (418 participants aged 73.6 ± 7.4 years) received a year-round comprehensive program, with visits carried out every 3 months. We compared the fall rates for 1 year between the two programs. Based on the results, we implemented a modified program until 2014 and examined the long-term consequences.
Introduction
Falls among older people are a serious public concern due to the presence of aging populations worldwide. Approximately one-third of community-dwelling older people fall annually. 1, 2 The incidence of fall-related injuries and death increase with age, 3, 4 and falls are the leading cause of fatal and non-fatal injuries in older people. 5 Fall-related injuries, such as hip fractures, are associated with mortality and morbidity 3, 6 and result in substantial economic burden. 7 A systematic review based on randomized controlled trials showed that some interventions, such as exercise and multifactorial interventions with individualized risk assessments, reduce the incidence of falls effectively. 8 However, issues regarding randomized controlled trials design, such as settings and participant selection, potentially limit the generalizability of results. 9 In fact, just 10-30% of recruited older people participated in previously reported fall prevention trials. [10] [11] [12] A gap exists between "what is efficacious in a designed trial" and "what is effective in the real world." 13 An appropriate community-based program should not only be effective in a well-designed short-term trial, but also delivered successfully to those to whom it is beneficial, well accepted and feasible in a real community in the long term. Some population-based trials showed that implementation of multiple interventions could potentially prevent fall-related injuries within entire communities. 14, 15 However, these trials were subject to "the black box," and often revealed inadequate information as to how program components achieved their effects. 16 Therefore, clarification regarding the types of programs appropriate for community-based fall prevention is required.
The aims of the present long-term community-based study of more than 10 years were to identify an appropriate fall prevention program in a Japanese community, and to propose a model of community-based fall prevention.
Methods

Settings and study outline
The study was carried out at small seniors centers (named "community salons") in Tatebayashi City, located approximately 60 km north of Tokyo, Japan. In 2004, the city's population was 79 597, with 18.5% of the population aged 65 years or older. Each salon included approximately 10-30 older people who could walk independently with or without an assistive device; joined voluntarily or with persuasion; and undertook weekly leisure activities, such as Karaoke, to maintain their independence. Salon activities were supported by middle-aged welfare volunteers (Minseiin) commissioned by the Minister for Health and Welfare to provide private voluntary welfare services, including support, for older people.
We carried out a prospective controlled trial between February 2004 and August 2005 to identify an effective program for the target population. We then implemented a modified program based on the results of the trial until March 2014. All staff members involved in the study worked at a community orthopedic hospital in the city.
A local institutional review board approved the protocols for the prospective controlled trial and the retrospective analyses in the entire study individually. In the prospective controlled trial, only those who provided written informed consent participated in the trial, but we provided fall prevention programs regardless of study participation.
Prospective controlled trial (2004-2005)
In 2004, we carried out a prospective non-randomized controlled trial involving 24 salons. Participants included older people who gathered at the salons. After obtaining salon representatives' permission to implement the programs for research purposes, we proposed two programs that would not disrupt salon activities: a single-visit program and a year-round program (Table 1) . Both programs were delivered by a multidisciplinary team, and involved a core component consisting of comprehensive fall risk assessment with feedback and a fall prevention lecture. The year-round program was more comprehensive than the single-visit program (details are described in Appendix SI). We asked the representatives whether the salons would like to receive one of the programs. If they expressed an interest in participation, we asked them to choose a program according to the salon's annual schedule. As a result, eight and 16 salons chose the single-visit and year-round programs, respectively. We implemented the chosen programs as salon activities.
The number of falls that occurred during the 1-year trial period was the primary outcome measure. The definition of fall was as follows: "unintentionally coming to rest on the ground, floor or other lower level; excludes coming to rest against furniture, a wall or another structure." 17 Participants' falls were monitored by monthly fall calendars. Participants provided daily records of falls on prepaid postcards printed on fall calendars, which were posted to the researchers each month. If the calendar was not returned, a trial assistant contacted the participant by telephone within 10 days. When a fall was reported, the participant was contacted to confirm the fall and obtain details regarding precise circumstances and injuries.
Among the measures in the comprehensive risk assessment (Table 1) , musculoskeletal pain, the Frenchay Activities Index, the Mini-Mental State Examination, fear of falling, the Geriatric Depression Scale -Short Form, body mass index, grip strength, the Timed Up & Go Test, the functional reach test, the one-leg standing test and the calcaneal speed of sound were reassessed as secondary outcomes at post-intervention evaluation (Appendix SI). Sample size estimation for the trial is presented in Appendix SII.
Implementation of a modified program (2005-2014)
The year-round program failed to show definite superiority over the single-visit program in reducing falls. Surprisingly, fall rates decreased over time regardless of program type. We obtained these findings using traditional statistics and selected the single-visit program as the basis of a new intervention, because it showed superior feasibility. We added the home-based exercise menu used in the year-round program to the new program, as there is considerable evidence of positive outcomes with exercise, and the prospective controlled trial results favored the year-round program, which involved exercise. We also added rhythm exercises to increase exercise intensity and enjoyment. We then implemented a third program, the modified single-visit program (Table 1) , in salons on demand from 2005 to 2014.
Regarding outcomes, we did not collect prospective fall data during the implementation phase. Instead, we asked participants how many times they had fallen in the preceding year, as an index of fall risk for each class attendance.
Analysis
In the prospective trial, a negative binomial regression analysis was carried out to identify differences in fall reduction effects between programs. In addition to program type, the following covariates were selected based on widely known risk factors: age, sex, fall history in the preceding year, number of medications, mobility (use of a walking aid), musculoskeletal pain, cognitive function (Mini-Mental State Examination), depression (Geriatric Depression Scale -Short Form), body mass index and 1, 3, [18] [19] [20] We included the Frenchay Activities Index as the covariate for activity level, as high activity could be associated with increased fall risk. 2, 21, 22 We also analyzed changes in fall rates over time using monthly fall data through multilevel, mixed-effects, negative binomial regression models, with participants and salons treated as random effects. We added months and the interaction between programs and months to the model. Monthly mean temperature was also added to the model to exclude the effects of colder climate on fall occurrence, as the months during which the program began varied between salons. 23, 24 Baseline and secondary outcome measures were compared between programs, and pre-post comparisons for each program were analyzed. Pearson's χ 2 -test and McNemar's test were used to assess categorical variables; t-tests and paired t-tests, and Wilcoxon rank-sum and signed-rank tests were used to assess parametric and non-parametric variables, respectively.
In the entire study, the number of participants, average attendance frequency, number of attendants and number of salon requests throughout the study period were analyzed. To determine whether the number of falls in the preceding year decreased as the number of class attendances increased, we produced multilevel, mixed-effects, negative binomial regression models, with salons and participants treated as random effects. The covariates were age at each attendance, sex, initial program type (i.e. single-visit, year-round or modified single-visit program), number of attendances, and the interaction between initial program type and number of attendances.
STATA/SE version 13.1 (StataCorp, College Station, TX, USA) was used to carry out all analyses. P-values of <0.05 were considered statistically significant.
Results
Effectiveness of the programs in the prospective controlled trial
Of the 625 community-dwelling older people who gathered at salons at the commencement of the study, 603 (approximately 4% of the city's older population, mean age 73.1 ± 7.3 years) participated in the trial. Single-visit and year-round programs were delivered to 185 and 418 participants, respectively (Fig. 1) . As for the baseline comparison shown in Table 2 , fall rates and proportions of fallers in the preceding year did not differ significantly between programs, but year-round program participants were slightly older and had poorer balance (as shown by the Timed Up & Go test, functional reach test and one-leg standing) relative to those in the singlevisit program.
There were 56 falls in 177.0 person years in the singlevisit program and 116 falls in 398.7 person years in the year-round program. Detailed statistics for falls in each program are shown in Table S1 . An adjusted negative binomial regression analysis showed no significant differences between programs (incident rate ratio = 0.84, 95% CI 0.54-1.32). After excluding the interaction term (program × month), as it was non-significant (P = 0.507), a multilevel, mixed-effects, negative binomial regression analysis of monthly fall data showed that fall rates did not differ significantly between programs (P = 0.317). Instead, fall rates for both programs decreased significantly by 0.89 (95% CI 0.84-0.94) times each month. This represents a 43.0% reduction in the mean fall rate over the trial period. Other significant covariates are shown in Table 3 .
We assessed secondary outcome measures during post-intervention evaluations for 108 (58.4%) singlevisit and 245 (58.6%) year-round program participants (Table 4) . Interestingly, the number of participants with musculoskeletal pain and numerical rating-scale pain scores decreased significantly in both programs from baseline to post-intervention evaluation. Participants' Mini-Mental State Examination scores, body mass index, grip strength, functional reach test scores and quantitative ultrasounds of the calcaneus differed significantly between programs at post-intervention evaluation and within programs in pre-and postintervention comparisons. However, these differences were very small; therefore, their clinical meaning was inconclusive. Overall, physical and psychological indices were stable and well preserved throughout the trial for both programs. In the year-round program, 180 participants (43.1%) attended all of the classes, and each participant attended 2.9 classes on average. Exercise compliance was monitored through participants' diaries for over 70.6% of the total trial period. On surveyed days, over 81.6% of diaries were completed, and participants exercised for 2.7 days per week on average. No intervention-related adverse events were reported.
Long-term effectiveness of the programs
Including those in the prospective controlled trial, the program was offered to 1863 individuals (392 men, 1471 women; mean age at the first attendance 72.6 ± 7.4 years). After excluding the interaction term (initial program type × number of attendances), as it was non-significant (P = 0.220), a multilevel, mixed-effects, negative binomial regression model showed that the fall rates in the preceding year decreased significantly as the number of class attendances increased (incident rate ratio = 0.89, 95% CI 0.85-0.92; P < 0.001). Fall rates did not differ significantly between initial program types (year-round and single-visit programs, P = 0.738; modified single-visit and single-visit programs, P = 0.144).
Long-term acceptability
Average attendance frequency, or total number of attendances divided by the time between initial participation and the end of March 2014 (6.5 ± 3.2 years on average), was 0.62 per year (joining several year-round program classes was counted as one attendance). The number of attendants who joined each year remained almost unchanged throughout the study, with 6622 attendants, including those in the year-round program, as at March 2014. The number of salons in the city had increased to 37 in 2014. On average, 85.3% (30.2) of salons requested the program annually. 
Discussion
Three programs including fall risk assessment with feedback and a fall prevention lecture as the core components were proven to be effective on reducing falls in the present study. The 43% reduction in the fall rate within a year observed in the prospective trial is comparable with the outcomes of intensive interventions. For example, in a randomized controlled trial involving a similar analytical method to that used in the present study, Taylor et al. found that exercises, such as Tai Chi, reduced fall rates by 58% over 18 months. 25 A systematic review showed that even modest interventions, consisting predominantly of assessment and referral or information provision, could reduce fall rates. 8 Furthermore, some reports have shown that health-related screening alone could prevent falls. 26, 27 Considering these reports, it is unsurprising that the fall risk assessment and feedback, which constitute a modest program, could reduce fall rates. In addition, although there is no conclusive evidence of fall reduction occurring as a result of increases in fall prevention knowledge, the fall prevention lecture might have enhanced the intervention's effects. 8 There were differences in both content and frequency between the programs besides the core components (Table 1 ). In particular, the year-round program interventions were more comprehensive relative to that of the single-visit program. The results favored the year-round program, even though the participants in the year-round program were slightly older and had poorer balance than those in the single-visit program, and thus would have had a higher risk for falls. However, the between-program difference in fall reduction did not reach statistical significance, even after adjusting various covariates including age and balance. There are two possible reasons for this finding. First, the increased frequency and intensity of interventions in the year-round program could have been insufficient to produce a significant additive effect on fall reduction. The observation of only subtle differences between the programs in secondary outcome measures supports this explanation. Second, it is possible that the trial was underpowered. In the sample size estimation (Appendix SII), we hypothesized that the effect of the single-visit program on reducing falls would be very subtle. However, the results showed that the single-visit program exerted a significant effect on reducing falls. Therefore, the difference between the programs was smaller than expected. Thus, we could not draw a conclusion as to whether interventions other than those involving the core components exerted favorable effects on fall reduction.
In addition to program content, setting is a very important determinant of an intervention's success. Social support is particularly important in community interventions. Perceived peer support, described as social support from individuals of a similar age and background, is known to exert a major influence on physical activity participation. This was one of the strengths of our intervention, because the programs were introduced and embedded within existing social structure, and as salon members, participants were already connected socially. Furthermore, welfare volunteers could play an important role in encouraging participants, enhancing group social cohesion, and bridging the gap between staff and older participants. In the year-round program, we ascertained that participants were able to maintain the habit of keeping a diary over a substantial period. This somewhat surprising finding might not be observed with only a few professional visits. This behavioral modification, which could play a key role in fall reduction, was led mainly by community support. The programs were well accepted by the community. Almost all of the older people who gathered at salons participated in the program. Those who participated in the program once attended 0.62 times, on average, annually thereafter, and the majority of salons requested the program every year. Furthermore, the finding showing that approximately 4% of the older population of the city participated in the program annually was meaningful.
With respect to feasibility, the single-visit program and modified single-visit program were more feasible in frequency than the year-round program. At least, the modified single-visit program might be feasible as a community-based program, because it was provided for the long term without cessation, even though it was heavily dependent on the involvement of volunteers from the community hospital.
Considering the factors discussed above, we propose that an appropriate community-based fall prevention model should include annual risk assessment and feedback with a lecture on fall prevention, and should be embedded in the existing community structure. Components other than the core components, such as exercise, might be added and the frequency of program visits might be increased depending on the usable resources.
The study's weaknesses were that the intervention's effect on fall prevention was not examined in the entire community, and a cost-effectiveness analysis was not carried out. Despite these weaknesses, the effectiveness, feasibility and acceptability of the programs were confirmed in a real community structure over 10 years.
Other populations or communities might benefit from our program. Based on grip strengths, the present study population was frailer relative to the general population (mean grip strength in our trial sample was 21.4 kg, whereas that in women and men in the same age range were 23.1 kg and 36.1 kg, respectively in a national survey carried out during the same year); 29 therefore, the program could be implemented for other independent but somewhat frail individuals. Also, in 2014, there was approximately one salon with 2.4 welfare volunteers per 304 older people in Gunma prefecture, in which Tatebayashi City is located. 30 Our program could easily be extended by the regional healthcare providers to those salons or similar seniors centers in other regions and countries.
The study's success implies that fall prevention programs established within existing community structures could be of substantial benefit because of the valuable support provided by the community. In turn, social cohesion within the community could be enhanced through the establishment of community-based programs. In the future, to reduce costs and to reach more people, the role of healthcare professionals should instead be to support older people and/or non-professional volunteers to establish fall prevention programs by and for the community.
In conclusion, fall risk assessment with feedback and a fall prevention lecture reduced falls when embedded into the community and was accepted well over the course of 10 years.
